The study was conducted to establish whether an extremely high concentration of aerosols occurred in the region of the Gulf of Gdansk at the very end of 2016, and if so which factors determined it. This period was notable in terms of intensity of smog episodes across the rest of Poland. The main goal was to consider pollution sources affecting two nearby stations in the area, which is usually characterised by better air quality than other parts of the country. To achieve this, concentrations of PM1 and PM2.5 were studied in Gdynia and PM10 concentration was measured in Rumia from 22 December 2016 to 22 January 2017. Concentrations of OC, EC, PAHs and major ions were also examined in order to indicate the origin of pollutants. The average daily concentration ranged 6.0-50.0 μg·m −3 for PM1 and 8.3-61.9 μg·m −3 for PM2.5 in Gdynia, and 8.6-71.9 μg·m −3 for PM10 in Rumia. High concentrations of PM1 and PM2.5, classified as values higher than 25 μg·m −3
Introduction
Air pollution is still a very serious and important scientific problem as it has a wide-ranging impact on the whole environment. High particulate matter concentrations can affect vegetation and materials, as well as impacting on visibility and climate change (CIEP 2016) . Another consequence of poor air quality accompanied by high concentrations of PM10/PM2.5 can be increased rates of morbidity and mortality. For human health, small particles with diameter < 2.5 μm are particularly dangerous as they can penetrate deeply into the lungs and be transported directly into the bloodstream (Kennedy 2007; Ćwiklak et al. 2009; Pio et al. 2008; Szewczyńska et al. 2013; Hassanvand et al. 2015; Witkowska et al. 2016a ). Health effects depend on the length of time for which a subject is exposed to high concentrations of particles. Short-term exposure results in rapid reaction, e.g. cough, asthma severity, acute respiratory response and decreased lung function, while long-term exposure causes chronic diseases, including asthma, COPD, chronic bronchitis, emphysema and even cancers (Bruce et al. 2000; Kennedy 2007 ).
Many countries, including China, have made an effort to reduce atmospheric pollution, including PMx (Chen et al. 2018; Gordon et al. 2018; Torres et al. 2018 ). According to Awe et al. (2015) , Santiago (Chile)-an example of a city overwhelmed with smog-significantly improved air quality over 20 years by adopting emission controls on factories and cars, cleaner public transport and the use of cleaner gas and energy sources. The European Union has also tightened its requirements for the reduction of national emissions of major pollutants, including sulphur (mainly sulphur dioxide), nitrogen oxides, volatile organic compounds and ammonia. The last directive issued by the European Parliament, the socalled CAFE directive (2008/50/EC; EEA 2014) , connected all previous directives and was supplemented to include PM2.5. This directive is concentrated on ambient air quality and attaining cleaner air for Europe (http://www.unece.org). In Poland, air quality improvement is still an open question, even if there is no longer a problem with the emission of sulphur oxides or nitrogen as was the case at the end of the twentieth century (CIEP 2016) . In 1990, the national emissions of SO 2 and NO x were 2700 Gg and 1100 Gg respectively but by 2016, these values had dropped to 580 Gg and 726 Gg (KOBIZE 2016 and . Currently, the biggest air pollution issue in Poland is the high level of PM10 and PM2.5 and benzo(a)pyrene, which is included in their composition. In cases of long-term exposure, one in every seven European citizens breaths the air and this does not satisfy the principles of the CAFE directive (EEA 2014) . The rate for Poland could be even worse, with air quality in this country looking bad against the general European background. According to the World Health Organisation rankings in 2016, 33 of the 50 most polluted towns in Europe were located in Poland.
The highest aerosol concentrations are noted in the south of Poland. Regardless of the location, the concentration of aerosols in Poland increases during the heating period (Ćwiklak et al. 2009; Lewandowska et al. 2010; Rogula-Kozłowska et al. 2013; Rogula-Kozłowska et al. 2014; Witkowska et al. 2016b) . January 2017 was exceptionally cold and snowy across the whole of Europe, with a polar airmass stretching from Russia across eastern Europe into south-eastern Europe. However, there is no information concerning severe smog episodes in Europe as occurred in Poland. For example, on 8 January 2017, the PM2.5 limit value which is set at 25 μg·m was exceeded by 592% in Krakow and 1278% in Katowice. Meanwhile, PM10 concentration in two other Polish towns, Zabrze and Pszczyna, reached 1016% and 1008% of the norm, respectively (50 μg·m
−3
). The Polish National Health Fund (NFZ) cited such bad air quality as an important factor in increasing mortality in Poland. In 2017, total mortality amounted to 405,600 and was 3.8% higher than in 2016. In January 2017 alone, when high levels of aerosols occurred, 44,400 deaths were recorded. This number was greater by 23.5% in comparison with January 2016 (Department of Analysis and Strategy; NFZ 2018). The NFZ sees the reason as being the overlap of a number of adverse factors in January 2017, e.g. the average PM10 concentration was at its maximum record level, while average air temperature was lower compared with similar periods over the last few years. Additionally, there was a peak of flu incidences in Poland during this month.
Although it is commonly said that, in the coastal zone of the sea, the air quality is better than in other regions of Poland, high concentration episodes of PM10, PM2.5 and PAHs, as a constituent part, were also noted (Lewandowska et al. 2010; Staniszewska et al. 2013; Witkowska et al. 2016b ). This is due to the fact that, in the urbanised coastal Baltic Sea zone, there are many sources of pollutant emissions (Wiśniewska et al. 2017; Lewandowska et al. 2018a) . In consideration of the above, the aim of our study was to determine whether extremely high concentration of aerosols occurred in the region of Gulf of Gdansk (Gdynia) and surroundings (Rumia) on the cusp of 2016 and 2017, when severe smog situations were being noted in other parts of Poland. To establish the source of elevated concentrations of aerosols, several chemical and meteorological factors were taken into account including PAHs. Many aromatic compounds are suspected mutagens and carcinogens, and some of them may also cause acute health effects (Alves et al. 2017) . The source of their origin and the connections which they enter into in aerosols, especially in their highest concentrations, seems to be extremely important in the aspect of human health and quality of life. There is still a lack of publications, especially on small PM1 but also on PM2.5 aerosols, and not only in extremely polluted Poland.
Materials and methods

Sampling
Parallel measurements of PM2.5 and PM1 were conducted in Gdynia in a 24-h cycle. The sampling period lasted from 22 December 2016 to 22 January 2017. Samples were collected 20 m above sea level on the roof of the Institute of Oceanography building (IO UG; Gdansk University) (Fig. 1) , a location which possesses the characteristics of a highly industrialised and coastal city (it is situated about 1 km from the Gulf of Gdansk) but still stands in the centre of an urbanised area (Witkowska et al. 2016b ). There are two other large cities in close proximity to Gdynia: Gdansk and Sopot. Altogether, the population of the so-called Tri-city agglomeration amounts to nearly 1 million (http://stat.gov.pl/en/ 2017). The IO UG station is surrounded by 8 schools, which leads to heightened traffic in the area, especially in the morning and afternoon hours. The nearest one is located at a distance of 128 m, and the farthest 690 m from the measuring station. The research station is also surrounded by a number of communication routes, the largest of which is the Tri-city ring road located 6 km south-west of IO UG. Traffic on this road can reach up to 100,000 cars per day. Intense traffic (between 37 and 45 thousand per day) also characterises the largest commercial street in Gdynia, which is located 300 m away from the station (www.bdl.stat.gov.pl). In the region, there is also a well-developed ship repair yard and harbour. The nearest port is located to the north of the sampling station, at a distance of 3 km. Within a radius of 10 km, there is both a power plant and a local heat production plant.
The second measurement station, where PM10 samples were collected, was located in Rumia. The sampling period was parallel to the sampling in Gdynia (from 22 December 2016 to 22 January 2017 in a 24-h cycle). Sample collection took place in the area of the Education and Revalidation Centre in the town centre, which is situated close to the train station and a shopping mall. Rumia is located about 10 km from the coastal zone and 12 km from Gdynia, and its population amounts to 46 thousand (http://stat.gov.pl/en/2017).
Traffic in the town has a regional character, although car usage for work/school/shopping purposes is on a typical level and a bypass between the Tri-city and Kashubia runs through the town centre (68 thousand cars per day; www.bdl.stat.gov.pl). Rumia represents a less industrialised city than Gdynia, but nevertheless, within a radius of 10 km, there is a boiler factory and a padding factory, both of which may be potential sources of pollution. The city is dominated by buildings with individual heating systems.
In Gdynia, samples of PM1 and PM2.5 were collected in parallel on Pallflex Tissuquartz filters of 47-mm diameter using low volume (2.3 m 3 h −1 ) HYDRA Dual Sampler (FAI Instruments). In Rumia, PM10 sampling was performed on Q-MA Whatmann quartz filters using a similarly low volume (2.3 m 3 h −1
) LVS-16 Sampler (Umwelttechnik MCZ GmbH). Thirty-two aerosol samples of every size fraction were collected. Before sampling, all filters were preheated (550°C for 6 h, at minimum) in a furnace to eliminate volatile impurities and reduce blank values. Every procedure connected with weight measurements was performed with an accuracy of 10 −5 g using the XA balance (RADWAG) at a temperature of 23 ± 2°C and a relative humidity of 40 ± 5% (Lewandowska et al. 2010; Witkowska et al. 2016a; Witkowska et al. 2016b ). The limit of quantification (LOQ) was set at 0.12 μg, 0.15 μg and 0.16 μg per filter, for PM1, PM2.5 and PM10 respectively (20 replicates in each case). The uncertainty of the method was < 5.0% (at a certainty level of 99%).
Chemical analysis
In every aerosol fraction, OC and EC concentrations were analysed using the thermo-optic method (Sunset Laboratory Inc., the EUSAAR2 protocol). This method enables selective determination of the concentration of carbon with an accuracy of 1 μg C (Cavalli et al. 2010 ). In addition to automatic calibration, an external standard (99.9% sugar solution) was analysed every 10-15 samples (Schmid et al. 2001; Cavalli et al. 2010) . The detection limit of the method was set at 2 μg (n = 12), and the analysis error was less than 8% (at a confidence interval of 99%). The analytical error of the method was 4.5% (Schmid et al. 2001; Cavalli et al. 2010; Witkowska et al. 2016b; Wiśniewska et al. 2017 ).
Concentrations of five PAHs (benzo(a)pyrene, benzo(a)anthracene, fluoranthene, pyrene and chrysene) were determined by means of high-performance liquid chromatography using a Dionex UltiMate 3000 analyser with a fluorescence detector (benzo(a)pyrene λex. = 296 nm, λem. = 408 nm; fluoranthene and pyrene λex. = 270 nm, λem. = 440 nm; benzo(a)antracene and chrysene λex. = 275 nm, λem. = 380 nm) (Staniszewska et al. 2013 ). The isolation of PAHs was c o n d u c t e d b y m e a n s o f s o l v e n t e x t r a c t i o n (acetonitrile:dichloromethane 3:1 v/v) in an ultrasonic bath (Staniszewska et al. 2013) . The concentration values for the standard curve ranged from 0.125 to 10 ng cm . The recovery determined against the reference material (SRM-2585) was 83%, 78%, 91%, 91% and 99% for BaP, FLA, PYR, BaA and CHR respectively (Staniszewska et al. 2013; Lewandowska et al. 2018b ).
The ions NO 3 − and SO 4 2− were determined by ion chromatography 881 Compact IC pro (Metrohm) in accordance with Polish Standard PrPN-EN No 10304-1. For sulphates and nitrates, the limit of detection was 0.1 μg·m −3 and 0.2 μg·m −3
respectively, and the error of the method was 4.7% and 5.5%. In all cases, a confidence level of 99% was assumed (Falkowska and Lewandowska 2004) . 
Characterisation of meteorological conditions
The measurements were supplemented by meteorological parameters (wind speed and direction, relative humidity and air temperature, amount of precipitation, atmospheric pressure) obtained for both stations, Gdynia and Rumia, from ARMAAG (https://armaag.gda.pl/) ( Table 1) . In order to determine the movement of air masses, the HYSPLIT model developed by NOAA was used (www.arl. noaa.gov/ready/hysplit4.html). A detailed description of the trajectories has been presented in previous papers (Lewandowska et al. 2010; Lewandowska et al. 2013 ).
Statistical analysis
Air quality was analysed in terms of temporal patterns which included daily and monthly cycles both in Rumia and Gdynia. For both PM1 and PM2.5, number of samples was equal to 32 and for PM10, it was 30. Statistical analysis was performed using the OpenAir package for R (Carslaw and Ropkins 2012) .
Results and discussion
Concentration of PM1 and PM2.5 in the air of Gdynia and PM10 in the air of Rumia
In Gdynia, in the period between 22 December 2016 and 22 January 2017, the daily concentration of PM1 ranged from 6.0 to 50.0 μg·m −3 (15.1 ± 10.1) and the concentration of PM2.5 ranged from 8.3 to 61.9 μg·m −3 (20.1 ± 12.1). In this same period, the concentration of PM10 measured in Rumia, located 12 km to the north-west of Gdynia, ranged from 8.6 to 71.9 μg·m −3 (27.9 ± 16.5) ( Table. 2) .
Concentrations of aerosols are restricted by European guidelines (2008/80/WE) to 25 μg·m −3 for PM2.5 (annual average), and 40 μg·m −3 and 50 μg·m −3 for PM10 (annual and daily values, respectively). As a daily norm for PM2.5 does not exist, it is not possible to define an exceedance of daily concentration. PM1 is a rarely studied fraction and is not covered by legal regulation at all.
Considering that the smaller the particles, the greater their negative impact on human health, for the purposes of this publication, we assumed that the daily average value of PM1 and PM2.5 should not exceed the annual PM2. (Reizer and Juda-Rezler 2016) . Garcia et al. (García et al. 2018 ) noted that PM2.5 and PM10 concentrations peak during the morning and the evening hours, which serves as evidence of the impact of traffic. One of the most important meteorological parameters influencing air quality is advection. For instance, increased PM concentrations noted by Garcia et al. (García et al. 2018) in Northern Spain were related to the inflow of Saharan dust with air masses from Africa. In Gdynia and Rumia between 22 December 2016 and 22 January 2017, wind direction from land sites dominated (Fig. 2) . The highest concentrations of PM1 and PM2.5 in Gdynia were noted under southern and southwestern advection, which also dominated during the measurement period (together 66% of measurement time). In the case of PM10 in Rumia, it was measured under western and south-western advection, while the dominant wind direction was from the south (30%). In both cities, the obtained results suggest that the highest concentrations of aerosols were caused by vehicle emissions from the ringroad (Fig. 1 , the thick dotted line).
Characterisation of PM1 and PM2.5 sources in air of Gdynia and of PM10 sources in air of Rumia during smog episodes across Poland
Knowledge of the chemical composition of aerosols allows for the determination of air quality indicators which, together with knowledge of meteorological conditions and the direction of the inflow of air masses, can be used to determine potential sources of contaminants in the research area (Tobiszewski and Namieśnik 2012; Staniszewska et al. 2013) . In order to determine the origin of PM1 and PM2.5 in the air above Gdynia and PM10 in the air over Rumia between 22 December 2016 and 22 January 2017, the concentrations of 1 . 4 ± ( 0 . 7 -4.1) 2.4 ± (1.2-6.8) 8.8 ± (5.0-15.5) Min-Max 0.1-30.5 0.3-37.2 1.6-38.1 PYR AVG±SD 3.0 ± 3.9 4.5 ± 5.3 11.9 ± 8.9
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Med±(Q 25 -Q 75 ) 2 . 1 ± ( 0 . 6 -6.2) 2.7 ± (1.5-9.7) 22.0 ± (5.4-47.3) Min-Max 0.2-25.2 0.3-29.8 3. 4-72.6 organic and elemental carbon were measured, as well as selected ionic components and PAHs (Table 2) . In all aerosol fractions, the highest concentrations among the analysed compounds were those of organic carbon, with the average share of OC constituting 41.0% in PM10 (Rumia), 27.7% in PM2.5 and 27.1% in PM1 (in Gdynia, in both cases). Earlier research conducted in Gdynia during the heating season of 2012 by Lewandowska and co-authors (Lewandowska et al. 2018b ) showed a much lower average share of OC in both aerosol fractions than in the current study (19.1% and 19.8%, for PM1 and PM2.5, respectively). However, the same tendency toward a similar percentage of OC occurring in both fractions remained. Furthermore, the share of OC in PM10 in aerosols collected in Rumia was found to be higher than that obtained during the measurements carried out in Gdynia during the late autumn of 2007 (31% PM10) (Lewandowska et al. 2010) .
A similar relationship to earlier studies was also determined in the case of EC. In the aerosols collected in Gdynia in the period from 22 December 2016 to 22 January 2017, EC constituted 9.3% of PM1 and 8.3% of PM2.5, while, in 2012, it only accounted for 6.9% and 7% of PM1 and PM2.5 mass, respectively (Lewandowska et al. 2018b) . The current studies conducted in Rumia showed that EC contributed 10.3% of PM10, while, in 2007 in Gdynia, it was just 3.7% of PM10 mass (Lewandowska et al. 2010 ). This may indicate that, in recent years, the share of carbon, both organic and elemental, has been increasing in aerosols in the Tri-city area. The OC/ EC coefficient, in PM10 measured in Rumia ranged from 2.4 to 24.4, indicates the source of carbon origin. These values and their amplitude were much higher than those obtained in smaller aerosols collected in Gdynia (between 1.4 and 5.9 in PM1 and between 1.2 and 6.1 in PM2.5) (Pio et al. 2008; Siciliano et al. 2018 ). This may indicate that, in Gdynia in PM1 and PM2.5, the share of carbon originating from communication sources was higher than in PM10 in Rumia (Keuken et al. 2013) . Differences in the origin of carbon in aerosols at the two measuring stations are confirmed by a better correlation between OC and EC obtained in smaller aerosols in Gdynia (r = 0.96 for PM2.5 and r = 0.95 for PM1) than in PM10 in Rumia (r = 0.87). The highest OC/ EC values were determined in PM10 in Rumia, and this, along with a lower correlation between the two carbonaceous compounds, indicates the greater role of secondary organic carbon in this city than in Gdynia (Siciliano et al. 2018 ). This in turn suggests that combustion for heating purposes may be the main pollution source in Rumia (Witkowska et al. 2016a ). This source of origin was confirmed by the second of the designated indicators, the NO 3 − /SO 4 2− coefficient. Among the inorganic constituents, nitrates and sulphates form a group of secondary inorganic aerosols (SIA). The main precursor gases for SIA are SO 2 and NOx, which react in the atmosphere and create aerosols. Emission of SO2 is mainly related to combustion processes and energy transformation, while road transport is key in terms of NO x emission. In Gdynia in the period from 22 December 2016 to 22 January 2017, NO 3 − dominated over SO 4 2− in both PM1 and PM2.5 ( Table 2 ). The average NO 3 − /SO 4 2− ratio in PM1 and PM2.5 was equal to 1.6 and 1.4, respectively. This indicates that, in Gdynia, transport could be the main source of aerosols (Wang et al. 2006; Lai et al. 2007 ). In Rumia, concentrations of NO 3 − and SO 4 2− were on average the same, and the mean NO 3 − /SO 4 2− ratio was equal to 1.1, suggesting the more important role of combustion for heating purposes in the formation of aerosols. In order to ascertain the origin of aerosols in Gdynia and Rumia during periods of high concentrations, the concentrations and proportions between selected PAHs were determined. Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds which are widespread contaminants in the environment, created among other things by incomplete combustion of fossil fuels and biomass. Energy and industrial sources also contribute to the pollution of the atmosphere with these compounds, and they are a constituent of coke smoke (Arnott et al. 2005; Tolis et al. 2015) . The presence of benzo(a)pyrene in aerosols in Gdynia and Rumia is very important as it is the major indicator of the pollution by those organic aerosol compounds. The acceptable concentration for this compound in PM10 in EU countries is 1 ng m −3 (Directive 2004/107/WE). In Gdynia and Rumia, the average values were higher than 1 ng m −3 in every aerosol fraction (Table 2) Gdynia showed a very important dependence with up to 85% of BaP present in PM2.5 being a part of PM1 (Table 2 ). This proves the importance of PM1 monitoring, even in seaside cities/towns like Gdynia and Rumia where aerosol concentrations are much lower than in the rest of Poland. In every aerosol fraction, even the lower quartiles of BaP concentration were above 1 ng m −3
. Thus, our results complement a lack of papers describing PAHs in PM1 (Jakovljevi et al. Jakovljević et al. 2018) .
In the period from 22 December 2016 to 22 January 2017, five PAHs were analysed. Among these, chrysene was found to have the highest concentration in both PM1 and PM2.5 measured in Gdynia (Table 2 ). The presence of CHR is related usually to the combustion of fuels for transport purposes, with emphasis on diesel engines (Bourotte et al. 2005; Teixeira et al. 2012) . Benzo(a)anthracene, which dominated in PM10 in Rumia, has carcinogenic and teratogenic properties. The sources of emission for this compound include combustion of gasoline and diesel oil and emission from asphalt, as well as combustion of coal for heating purposes (Ravindra et al. 2008) . Similarly, to the previously described OC/EC and NO 3 − /SO 4 2− coefficients, this suggests transport and combustion in the municipal and residential sectors as being the two most important sources of air pollution in Rumia and Gdynia. These sources of origin for aerosols, both in Gdynia and Rumia, have been proven by designated PAH indicators. The first of these was the ratio of FLA/(FLA+PYR). Values between 0.4 and 0.5, suggesting liquid fuel combustion, were noted for 31% of the measurement period in Gdynia (for both PM1 and PM2.5), and in Rumia, it was even higher (37% of PM10 measurement time). Values above 0.5, suggesting coal or wood combustion for heating purposes, constituted 53% and 59% of measurement time in Gdynia for PM1 and PM2.5, respectively. In PM10 in Rumia, meanwhile, it was equal to 52% of the measurement period. The rest, 16% in PM1 to 10% in PM2.5 and 11% in PM10, suggest petrogenic sources (oil combustion mainly) (Arnott et al. 2005) . At such times, the dominant source of aerosols containing fluoranthene and pyrene could have been wood and coal combustion for heating purposes but in the smallest particles, the increased role of transport was clearly defined (Tobiszewski and Namieśnik 2012) .
The second ratio, BaA/(BaA+CHR), indicated petrogenic sources in aerosols when below 0.35 (Arnott et al. 2005) . During the measurement period in Gdynia, such values were noted for 44% of the time in PM1 and 41% of the time in PM2.5, while, in Rumia, they only accounted for 11% of PM10 measurements. Ratio values above 0.35, which are linked to coal or wood combustion processes, were noted for 41% of the time with PM1, 50% with PM2.5 and as much as 88% for PM10. The ratio of BaP/(BaP+CHR) further distinguishes diesel vehicles (< 0.5) from gasoline vehicles (> 0.5). Both in Rumia and Gdynia, diesel was found to be more important in dictating air quality than gasoline, with median BaP/(BaP+CHR) ratios of 0.37 in PM1 and PM2.5 and 0.48 in PM10 (Tobiszewski and Namieśnik 2012) . According to Silveira and co-authors (Silveira et al. 2017) , diesel has the highest emission factor from different types of fuels for NO x , PM2.5 and PM10 so those cars represent an important problem requiring further efforts at improvement. Currently in Europe, there is a trend toward recalling diesel cars and many large cities such as Oslo, Paris, Hamburg and Prague forbid such vehicles from entering the city centres. However, diesel cars from more developed countries than Poland are then brought here to be sold on. Pomerania, the voivodeship in which the Tri-city is located, is tenth on the list of Polish voivodeships with the highest number of registered used cars-7165 cars in January and February 2016. In the whole country in 2016, about 783,000 were imported, of which 41.9% were diesel (Institute of Automotive Market Research, https://www.samar.pl/).
Episodes of high PM1 and PM2.5 concentrations in the air over Gdynia and PM10 in the air over Rumia
In Gdynia in the period between 22 December 2016 and 22 January 2017, four episodes of high aerosol concentration were noted, while, in Rumia, there were three. The first day to feature high PM1 (41.1 μg·m Year's Day. Diagnostic ratios (NO 3 /SO 4 2− 2.7 in PM1, and 2.1 in PM2.5; BaP/(BaP + CHR) equal to 0.45 in both fractions) suggest the conclusion that before Christmas and New Year's Day transport plays a key role in creating air quality in Gdynia and this is consistent with earlier results (Staniszewska et al. 2013; Witkowska et al. 2016a) .
The other episodes of high aerosol concentration in Gdynia occurred on 9 January 2017 (28.4 and 32.4 52 μg·m −3 for PM1 and PM2.5, respectively), 10 January 2017 (35.2 and 43.6 52 μg·m −3 for PM1 and PM2.5, respectively) and 11 January 2017 (50 and 61.9 52 μg·m −3 for PM1 and PM2.5, respectively). The poor air quality experienced during this period may be attributed to continued vehicle emissions combined with a low temperature (− 9°C) which was favourable for intensified heating. However, elevated PM concentrations were also noted across the whole country at this time, reaching their maximum values on 8 January. Forty-eight-hour HYSPLIT backward trajectories obtained for the described period showed that high concentrations of PM1 and PM2.5 in Gdynia may have been strengthened by more polluted air coming in from over southern parts of the country (Fig. 3) . Rapid increase in aerosol concentrations in regions of potentially cleaner air due to the transportation of pollutants with air masses has been also reported by Oliveira et al. (2018) .
The extreme values of the sum of analysed PAHs in PM1 (131.9 ng m −3 ) and PM2.5 (153.9 ng m −3 ) measured in Gdynia were noted on 11 January. On the same day, the highest concentration of CHR was recorded in PM1 and PM2.5 (37.6 ng m −3 and 42.0 ng m −3
, respectively), the presence of which is associated with the combustion of fuels for transport purposes, especially in diesel engines. The NO 3 − / SO 4 2− ratio was also high (2.4 and 1.5 for PM1 and PM2.5, respectively).
In Rumia, high concentrations of PM10 also occurred in the period between 8 and 11 January 2017, with the higher concentrations being noted on 8 January 2017 (71.9 μg·m ) (Fig. 4) . BaP in PM10 reached its maximum concentration of 21.8 ng m −3 on 10 January, and this was almost as high as the maximum BaP concentration in Gdynia in the finest aerosol. Analysis of the obtained coefficients and the prevailing meteorological conditions allowed us to establish that, in Rumia, high concentrations of aerosols were associated with a greater extent with the combustion of fuels for heating purposes than with emissions from transport sources. This is indicated by several ratios (NO 3 − /SO 4 2− 0.9, OC/EC 5.5, FLA/ (FLA+PYR) 0.5). However, on 10 and 11 January, mass advection changed and as in Gdynia, advection from the south brought polluted air masses.
During this study, an episode of very low concentration also occurred when, from 26 to 28 January, Barbara Hurricane lashed the Gulf of Gdansk. On those days, the temperature reached 10°C and wind speed reached 14.9 m s ) and generally lower concentrations at the end of the year.
Conclusions
At the end of 2016 and beginning of 2017, when several severe smog episodes were noted across the whole of Poland, PM1 and PM2.5 concentrations measured in Gdynia as well as PM10 concentrations obtained in Rumia were significantly lower than those in other parts of the country. However even here, in close proximity to the sea, there were a few occurrences of high daily aerosol concentrations.
Obtained results indicated that, in the space of a few years, the share of organic and elemental carbon in aerosols of all sizes has increased. This may mean that carbon emissions in the region in the near future may become the dominant problem in terms of air quality.
Air quality measurements took place during the heating period; hence, coal and wood combustion for heating purposes had a significant impact on air quality in both Gdynia and Rumia. However, its role as key source was more pronounced in Rumia, where individual heating systems dominate. In Gdynia, it was land transport, with a particular emphasis on diesel engines, which had the most conspicuous impact on air quality.
The measurements conducted in Gdynia showed that up to 85% of BaP (which is toxic for humans) present in PM2.5 was also a part of PM1. This proves the importance of PM1 monitoring even in places located in close proximity to the sea, where concentrations of aerosols are usually much lower than in highly polluted regions.
During the study period, a few instances of high daily aerosol concentrations were noted in Gdynia and in Rumia. In Gdynia, this was due to transportation of polluted air from southern Poland, but also very low temperatures which led to a rapid increase of emissions from the residential sector. Before Christmas, heightened concentrations of nitrates and carbon compounds (including toxic BaP and BaA) were mainly as a result of transport emissions. In Rumia, despite its location, there were higher concentrations of PM10 and these were brought about principally by local and regional emissions, especially combustion processes for heating purposes. The episode of very low concentration which happened during the study period may be attributed to the onset of a hurricane under northern advection at the end of the year.
